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(54) ULTRASONIC LINEAR MOTOR 

(57)Abstract 

PURPOSE: To provide an ultrasonic linear motor which 
can be driven at a low voltage with high 
electromechanical conversion efficiency by paying 
attention to piezoelectric longitudinal effect of a 
piezoelectric element as a driving source. 
CONSTITUTION: The ultrasonic linear motor 20 
comprises a piezoelectric element as a driving source, 
an ultrasonic oscillator 10 for inducing Longitudinal and 
bending oscillations in a resilient body 1 1 and combining 
these oscillations to produce ultrasonic elliptical 
oscillation, and a driven member 25 partially pressed 
against the ultrasonic oscillator 10, wherein the 
ultrasonic oscillator 10 comprises at least two multilayer 
piezoelectric elements 12 bonded partially to the 
resilient body 1 1 with each of the multilayer 
piezoelectric elements 1 2 being laminated in same 
direction. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial AppUcation] This invention relates to an ultrasonic linear motor and the ultrasonic linear 
motor using electric-mechanical energy sensing elements, such as a laminating mold piezoelectric 
device, as a driving source in detail. 
[0002] 

[Description of the Prior Art] recent years and electromagnetism - the ultrasonic motor attracts attention 

as a new motor which replaces a mold motor, the electromagnetism of the former [ ultrasonic motor / 

this ] - compared with the mold motor, it has the following advantages. 

[0003] (1) A low speed and a high thrust are obtained without gear. 

[0004] (2) Holding power is large. 

[0005] (3) A stroke is long and a high resolution. 

[0006] (4) It is rich in silence; 

[0007] (5) A magnetic noise is not generated and it is not influenced of this noise. 
[0008] The revolution mold and the linear mold are known as the above-mentioned ultrasonic motor. 
There are some which were announced as an ultrasonic motor of the above-mentioned linear mold in 
Showa 63 at the Institute of Electronics, Information and Communication Engineers spring national 
conference (2.12 paper feed device by the vertical-crookedness multiplex-mode trembler utilization 
plate-like motor). (No.A-223 (Showa 63.3)) The piezo-electric ceramic 102,103,104 of three sheets 
pastes up among the elastic body 101 and base materials, such as silicone rubber, which are made to 
form with a stainless steel plate, and the vibrator in this linear mold supersonic-wave motor is 
constituted among, as shown in drawin g 13 . Two sheets of the piezo-electric ceramic 103, the object for 
L mode (longitudinal-oscillation mode) and the piezo-electric ceramic 102,104, are the objects for B 
modes (crookedness oscillation mode) among the piezo-electric ceramics 102,103,104 of the three 
above-mentioned sheets. As a configuration whose resonance frequency in both these modes 
corresponds, the alternation electrical potential difference corresponding to the resonance frequency is 
impressed to the piezo-electric ceramic 103 of L mode, and the piezo-electric ceramic 102,104 of an B 
mode. Drawing 1 1 and the part shown with the slash of drawing 12 can be made to generate an 
ultrasonic ellipse oscillation by establishing suitably the phase contrast of these alternation electrical 
potential differences. 

[0009] And if this driven object 105 is arranged through the pressure roll 106 as a press device and an 
ultrasonic ellipse oscillation is generated in order to, make the driven object 105 of paper drive for 
example, this driven object 105 can be made to drive linearly. 
[0010] 

[Problem(s) to be Solved by the Invention] However, there were the following troubles in the above- 
mentioned conventional ultrasonic motor. 

[001 1] As mentioned above, in two or more sheets and the above-mentioned example, the tabular piezo- 
electric ceramics (for example, 0.5mm thickness) 102-104 of three sheets have pasted the above- 
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mentioned elastic body 101. And an oscillation is excited using the piezo-electric transversal effect of 
these piezo-electric ceramics 102-104. Generally electric - machine coupling coefficient in this piezo- 
electric transversal effect of a piezo-electric ceramic is a quite low value compared with being about 
about 30 - 40%, and electric-machine coupling coefficient in the piezo-electric longitudinal effect being 
about 60 - 70%. saying [ a motor with electric-machine conversion efficiency low / that this electric- 
machine coupling coefficient is low ] - it is - moreover, input voltage - dozens Vrms(es) from - 
lOOyrms(es) The trouble that the comparatively high electrical potential difference of extent is needed 
arises. 

[0012] This invention is made in view of this trouble, and paying attention to the piezo-electric 
longitudinal effect of the piezoelectric device as a driving source, electric-machine conversion efficiency 
is high and it aims at offering the ultrasonic linear motor which can moreover be driven by the low 
battery. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the ultrasonic linear 
motor by this invention The ultrasonic vibrator which make electric-mechanical energy sensing element 
into a driving source, and an elastic body is made to generate longitudinal oscillation and a crookedness 
oscillation, compounds those oscillations, and causes an ultrasonic ellipse oscillation. In the ultrasonic 
linear motor possessing the driven member pressed by a part of this ultrasonic vibrator the above- 
mentioned ultrasonic vibrator joins at least two laminating mold electrical-and-electric-equipment- 
mechanical energy sensing elements to some elastic bodies, and it is characterized by the direction of a 
laminating of a laminating mold electrical-and-electric-equipment [ of each this ] -mechanical energy 
sensing element being the same direction. 
[0014] 

[Function] In this invention, the alternation electrical potential difference (a frequency is made in 
agreement with the resonant frequency of a crookedness oscillation of an ultrasonic vibrator and 
longitudinal oscillation) which has phase contrast mutually in the above-mentioned laminating mold 
electrical-and-electric-equipment-mechanical energy sensing element is impressed, an ultrasonic ellipse 
oscillation occurs in this ultrasonic vibrator, and the driven object pressed by this ultrasonic vibrator 
carries out linear actuation. 
[0015] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[0016] Drawin g 1 is the perspective view showing the ultrasonic vibrator 10 applied to the ultrasonic 
linear motor of the 1 st example of this invention. 

[0017] As shown in drawing, the above-mentioned ultrasonic vibrator 10 possesses the elastic body 1 1 
which performed and formed hard-anodic-oxidation-coatings processing in aluminum material. The 
cylinder-like projection 13 is installed through the side face of the center section used as the knot of an 
oscillation of this elastic body 11, and the friction section 14 which projected in both upper and lower 
sides is formed in the both ends of this elastic body 1 1 . The rectangle-like slot is formed in the part 
which furthermore hits the antinode of a secondary crookedness oscillation of this elastic body 11, and 
the laminating mold piezoelectric device 12 of this dimension fits into this slot mostly with the 
configuration of this slot, and it is arranged. 

[0018] A laminating is carried out, the piezoelectric device in which the above-mentioned laminating 
mold piezoelectric device 12 has the thickness of 0.1mm is electrically connected for every layer in the 
field which counters so that the sense of polarization may become by turns, and an electric terminal G 
and electric terminals A and B are drawn like the graphic display. In addition, since this laminating mold 
piezoelectric device 12 is arranged where the slot of the above-mentioned elastic body 1 1 is extended 
mechanically in case this laminating mold piezoelectric device 12 is arranged in the above-mentioned 
slot, it is arranged afler pressurization has started this laminating mold piezoelectric device 12 
eventually. 

[0019] Drawing 2 is the side elevation having shown the ultrasonic linear motor 20 which is the 1st 
example of this invention which applied the above-mentioned ultrasonic vibrator 10. 
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[0020] As shown in drawing, the supporter 22 is installed in the both-sides section of the top-face center 
section of the pedestal 21. The crevice of the semicircle configuration which ****s in the path of the 
above-mentioned projection 13 is formed in the center of a top face of this supporter 22, and the circular 
hole is formed in this crevice and the presser-foot section 23 which has the crevice of the same type ** 
size. The above-mentioned ultrasonic vibrator 10 inserts the above-mentioned projection 13 in the 
above-mentioned circular hole, and fixed maintenance is carried out using a screw 24. 
[0021] On the other hand, the tabular shder 25 formed by stainless steel material (quenching processing 
article) is laid, and the pressure welding is carried out to the top face of the two above-mentioned 
friction sections 14 in an ultrasonic vibrator 10 towards this friction section 14 by fixed thrust with two 
pressure-welding rollers 26 arranged in the location which counters the above-mentioned friction section 
14 on both sides of this slider 25. The above-mentioned pressure- welding roller 26 is held through the 
bearing 27 between the shaft, and this shaft is pressed by the spring member 28 which had the end fixed 
by the fixed part 29. 

[0022] Next, actuation of the ultrasonic vibrator 10 in **** 1 example is explained. 

[0023] **10 VP-P which has fixed phase contrast in the above-mentioned electric terminal A and an 

electric terminal B (refer to drawin g 1 ) The alternation electrical potential difference (frequency: fr) of 

extent is impressed. The frequency of this alternation electrical potential difference is made mostly in 

agreement with the vibration frequency of the primary proper longitudinal oscillation and the secondary 

proper crookedness oscillation of the above-mentioned ultrasonic vibrator 10 here. 

[0024] Drawing 3 (a) is the diagram having shown the primary proper longitudinal-oscillation mode of 

the above-mentioned ultrasonic vibrator 10, and this drawing 3 (b) is the diagram having shown the 

secondary proper crookedness oscillation mode of this vibrator 10. The above-mentioned ultrasonic 

vibrator 10 is made into a dimension whose resonant frequency of these primary proper longitudinal 

oscillation and the secondary proper crookedness oscillation corresponds mostly. 

[0025] If the alternation electrical potential difference of equiphase is impressed to the above-mentioned 
electric terminal A and an electric terminal B, the above-mentioned ultrasonic vibrator 10 will perform 
primary longitudinal oscillation as shown in above-mentioned drawin g 3 (a). Moreover, if the 
alternation electrical potential difference from which about 180 degrees of phases differ is impressed to 
this electric terminal A and an electric terminal B, this ultrasonic vibrator 10 will generate the secondary 
crookedness oscillation as shown in drawin g 3 (b). Therefore, the both ends of this ultrasonic vibrator 10 
can be made to generate an ultrasonic ellipse oscillation by setting the phase contrast of the above- 
mentioned electric terminal A and an electric terminal B as about **90 degrees. 
[0026] The ultrasonic linear motor 20 of the 1st example of this invention which applied such an 
ultrasonic vibrator 10 is making it generate an ultrasonic ellipse oscillation, the both ends 14, i.e., above- 
mentioned fiiction section, of this ultrasonic vibrator 10, and linear actuation of the slider 25 pressed by 
this friction section 14 is carried out in the predetermined direction. Moreover, what is necessary is just 
to change the phase of the above-mentioned electric terminal A and an electric terminal B to +90 
degrees from +90 degrees to -90 degrees, or -90 degrees, in order to change the driving direction of this 
slider 25. 

[0027] According to **** 1 example, a plate-like compact ultrasonic linear motor with electric high- 
machine conversion efficiency in which low-battery actuation is possible can be offered. Moreover, the 
ultrasonic Hnear motor which is easy to control since what is necessary is just to also set the phase 
contrast of applied voltage as **90 degrees can be offered. 
[0028] Next, the modification of the 1st example of the above is explained. 

[0029] Drawing 4 is the side elevation having shown the ultrasonic vibrator 30 in the ultrasonic linear 
motor of the above-mentioned modification. 

[0030] The point of difference with the 1st example of the above of this modification is in the point 
which formed several slots 32 between the piezoelectric devices 12 and the friction sections 14 in the 
elastic body 31 of an ultrasonic vibrator 30 as shown in a vertical side at drawin g 4 . Thereby, the 
effectual Young's modulus in both ends can be reduced, and the vibration amplitude in these both ends 
can be made to expand. 
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[0031] Drawing 5 is the side elevation having shown the ultrasonic vibrator 40 in still more nearly 
another modification of the 1st example of the above. 

[0032] the point of difference with the 1st example of the above of this modification shows the friction 
section 44 of the both ends of an ultrasonic vibrator 40 to drawin g 5 - as - bis — 45 - attachment and 
detachment - it is the point arranged exchangeable. It becomes possible to exchange by this, when this 
friction section 44 carries out degradation wear by contact to a sHder 25 (refer to drawing 2 ). Moreover, 
this fiiction section 44 can change the configuration into arbitration, as shown in drawing 6 (a), (b), and 
(c), and it becomes possible [ also adjusting adjustment of resonance firequency, or the amplitude of both 
ends by changing the mass further ]. 

[0033] Drawing 7 is the side elevation having shown the ultrasonic vibrator 50 in still more nearly 
another modification of the 1 st example of the above. 

[0034] The point of difference with the 1st example of the above of this modification is in the point 
using four laminating mold piezoelectric devices 12, as shown in the vertical side of an elastic body 51 
at drawing 7 . Thereby, the advantage that improvement in a motor output can be aimed at arises. 
[0035] Next, the ultrasonic linear motor of the 2nd example of this invention is explained. 
[0036] Drawing 8 is the side elevation having shown the ultrasonic vibrator 60 applied to the ultrasonic 
linear motor of the 2nd example of the above. 

[0037] The point of difference with the 1st example of the above of this 2nd example is in the point of 
having formed the laminating mold piezoelectric device 12 also in the center section of the elastic body 
61. 

[0038] Frequency fr fi-om which about 180 degrees of phases differed in the electric terminal A and the 
electric terminal B among drawing An altemation electrical potential difference is impressed and the 
secondary crookedness oscillation is generated. Moreover, it is a firequency fr to an electric terminal C. 
An altemation electrical potential difference is impressed and the primary longitudinal oscillation is 
generated. And the both ends of an ultrasonic vibrator 60 can be made to generate an ultrasonic ellipse 
oscillation by controlling the phase contrast of the altemation electrical potential difference impressed to 
above-mentioned electric terminal A (B) and an electric terminal C. In addition, since the operation as 
an ultrasonic linear motor is the same as that of the 1st example of the above, explanation here is 
omitted. 

[0039] According to the ultrasonic linear motor of such 2nd example, the magnitude of the amplitude of 

a crookedness oscillation and longitudinal oscillation can be changed by adjusting the magnitude of the 

applied voltage of electric terminal A (B) and an electric terminal C. Thereby, elliptical [ of an 

ultrasonic ellipse oscillation ] can be controlled to arbitration, and actuation of an ultrasonic linear motor 

becomes possible [ setting up elHptical / which is stabilized most ]. 

[0040] Next, the ultrasonic linear motor of the 3rd example of this invention is explained. 

[0041] Drawing 9 is the side elevation having shown the ultrasonic vibrator 70 appUed to the ultrasonic 

linear motor of the 3rd example of the above. 

[0042] As for this 3rd example, the sliding section 74 which extended to ** for lower parts is formed in 
the both ends of the elastic body 71 which consists of the aluminum material to which alumite 
processing by oxalic acid alumite was performed. Moreover, the head of this sliding section 74 has 
given curvature. Furthermore, the projection 73 for maintenance protrudes on the side face of the center 
section used as the knot of an oscillation. Two laminating mold piezoelectric devices 72 have pasted the 
top face of the above-mentioned elastic body 71 with the adhesives of an epoxy system etc. And electric 
terminals A and B are drawn from this each of laminating mold piezoelectric device 72. 
[0043] Drawing 10 is the perspective view having shown the self-propelled ultrasonic linear motor 80 
which applied the above-mentioned ultrasonic vibrator 70. 

[0044] The rail 81 is formed with the stainless steel (Hv900) with which for example, quenching 
processing was performed, and the slot 85 is drilled in the both-sides side. Moreover, lap processing of 
the field in contact with the sliding section 74 of an ultrasonic vibrator 70 is carried out less than [ Umax 
=0.3micrometer ], It applies to the above-mentioned rail 81 from the lower part at the both-sides section, 
and the linear guide 82 of the shape of a typeface of KO is arranged possible [ sliding ] along the slot 85 
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of this rail 81. Moreover, the projection 83 protrudes on the both-sides side of this Hnear guide 82. The 
above-mentioned ultrasonic vibrator 70 is laid so that the sliding section 74 which has curvature on the 
top face of the above-mentioned rail 81 may contact, and the pressure welding is carried out by fixed 
thrust with the spring 84 constructed between the above-mentioned projection 73 and the projection 83. 
[0045] It is a frequency fr to the above-mentioned electric terminal A and an electric terminal B. If an 
altemation electrical potential difference is impressed and the phase contrast is made into +90 degrees or 
about -90 degrees, an ultrasonic vibrator 70 will carry out linear migration the left or rightward. 
[0046] According to **** 3 example, since it is good by (pressurization is not applied) as the laminating 
mold piezoelectric device 72 is pasted up on the top face of an elastic body 71, structure will become 
very easy. 
[0047] 

[Effect of the Invention] As explained above, electric - machine conversion efficiency is high by using 
the piezo-electric longitudinal effect of a piezoelectric device as a driving source according to this 
invention, and the ultrasonic linear motor which can moreover be driven by the low battery can be 
offered. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 12] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective view showing the ultrasonic vibrator applied to the ultrasonic linear motor 
of the 1st example of this invention. 

[Drawin g 2 ] The side elevation having shown the ultrasonic linear motor which is the 1st example of 
this invention which applied the ultrasonic vibrator shown in above-mentioned drawing 1 . 
[Drawing 3] (a) is the diagram in which (b) showed the secondary proper crookedness oscillation mode 
of this ultrasonic vibrator for the primary proper longitudinal-oscillation mode of the ultrasonic vibrator 
in the 1st example of the above, respectively. 

[Drawing 4] The side elevation having shown the ultrasonic vibrator applied to one modification of the 
ultrasonic linear motor of the 1 st example of the above. 

[Drawing 5] The side elevation having shown the ultrasonic vibrator apphed to other modifications of 
the ultrasonic linear motor of the 1st example of the above. 

[Drawin g 6 ] The perspective view having shown the example of others of the exchangeable fiiction 
section in one modification of the ultrasonic linear motor of the 1st example shown in above-mentioned 

drawing 5 . 

[Drawin g 7] The side elevation having shown the ultrasonic vibrator applied to other modifications of 
the ultrasonic linear motor of the 1st example of the above. 

[Drawin g 8] The side elevation showing the ultrasonic vibrator appHed to the ultrasonic linear motor of 
the 2nd example of this invention. 

[Drawing 9] The side elevation showing the ultrasonic vibrator applied to the ultrasonic linear motor of 
the 3rd example of this invention. 

[Drawin g 10] The perspective view showing the ultrasonic linear motor which is the 3rd example of this 

invention which applied the ultrasonic vibrator shown in above-mentioned drawing 9 . 

[Drawin g 11] The explanatory view in the longitudinal-oscillation mode in the conventional ultrasonic 

motor. 

[Drawing 12] The explanatory view of the crookedness oscillation mode in the conventional ultrasonic 
motor. 

[Drawin g 13] The sectional side elevation having shown the conventional ultrasonic motor and its 
oscillation mode. 
[Description of Notations] 

10 — Ultrasonic vibrator 

20 - Ultrasonic linear motor 

1 1 ~ Elastic body 

12 - Laminating mold piezo electric crystal 
14 ~ Friction section 

21 -Pedestal 
22 - Supporter 
25 Slider 
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26 — Pressure-welding roller 
[Translation done.] 
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